shows a high peak in the first three months of life tailing off gradually. In fact, 35% of the deaths occurred in the first three months of life and no less than 68% of deaths under the age of 1 year. However, it is significant that 9.4% of the children died after reaching their third birthday, which suggests Table II . This shows not surprisingly that meningitis was the most important cause, but it must be recalled that these children were adversely selected. The three patients dying of renal failure had gross renal damage at the time of birth. All untreated patients who died did so within a year and usually within a month or two of birth.
The causes of death in the treated children are shown in Table III . In some of the cases it was impossible in retrospect to determine the exact cause of death when there was present, in the same child, a mixture of pneumonia, meningitis, and raised intracranial pressure. The total number of causes of death, therefore, exceeds the number of patients who died. However, the results show once again that meningitis is by far the most important cause of death. A closer look at the various causes of death shows in fact that a retrospective study of this type is only of limited use. In all, 127 patients died of meningitis and, though this followed direct infection from the spinal lesion in many, it arose following the valve insertion in others. In a small but significant group of patients, meningitis developed after a few years, either without obvious cause or not infrequently when further surgery was undertaken to improve appearance of the back scar. Raised intracranial pressure was the cause of death in 54 patients. In most of these, failure of the shunt was not recognized early enough and the children were not referred back to the surgical unit for a revision operation in time. However, it must be recalled that in a certain proportion of these patients it was felt that because the child was totally paralysed and also grossly retarded mentally, no further operation should be attempted and in these particular children the ventriculo-atrial shunt was intentionally not revised when it became blocked. A few patients died with a fluid collection under pressure in the posterior fossa while the ventriculoatrial shunt was draining the lateral ventricles adequately.
Pneumonia was a contributory or primary cause of death in 62 patients. Again in this group it must be remembered that treatment was intentionally withheld when it was felt that the child was totally paralysed and grossly retarded. In other children, however, it must be recalled that these had a severe chest deformity in association with meningomyelocele and poor air entry of one or both lungs. Pneumonia also developed not infrequently in children whose shunt became blocked, but even if the shunt system was successfully revised the pneumonia not infrequently continued to progress.
Renal failure was a predominant cause of death in 31 patients. In the large majority the upper urinary tracts were grossly dilated at the time of birth, and it is doubtful whether earlier diversion procedures would have saved these children. There have been no deaths from renal failure in children who have had a urinary diversion with reasonably well-functioning kidneys.
Pulmonary emboli or pulmonary hypertension was present at necropsy as a cause of death in only four cases. This is surprising, since we have previously shown that there is histological evidence of pulmonary embolism in about half the patients coming to necropsy following a ventriculo-atrial shunt (Erdohazi, Eckstein, and Crome, 1966) . It may be that in future years the problem of pulmonary hypertension will become more important.
Eleven children died of septicaemia: in most of these there was a fulminating septicaemia associated with infection of the back or meningitis, but in a small number the septicaemia was a result of colonization of the valve, which persisted when the valve was removed or which, in a few cases, was not recognized and treated quickly.
The surgical mortality of children with meningomyelocele and hydrocephalus is surprisingly low. Only 9 patients died very soon after the closure of the spinal defect and these were invariably poor risk patients. Included in this group are two babies with large encephaloceles in whom a large amount of brain substance had to be excised in order to close the skull defect.
In this series of 1091 patients, a total of 643 primary ventriculo-atrial shunts were carried out. In almost all the cases a Holter type ofvalve was used, but in a small number the Pudenz valve was used, and in an even smaller one the 'D.W.T.' valve. It is noteworthy that only three patients died as a result of the original valve insertion. One ofthese patients bled to death when the distal catheter was inserted into the transverse sinus, a procedure which has since been abandoned. One further patient died of an inferior vena cava thrombosis as the distal catheter was too long. A third one died with massive pulmonary collapse. It is noteworthy that there was no death resulting from air embolus in this series-a tribute to the various anaesthetists who have helped us with the treatment of these patients.
Revision operations for ventriculo-atrial shunts were required in about 40% of the patients and in a large proportion of these repeated revision procedures were necessary. There were again only 5 deaths which could be directly connected with such revision procedures. Cardiac tamponade occurred in 2 as the result of perforation of the superior vena cava and heart, respectively, and in a third by inserting the distal catheter into the pericardium instead of the pleural cavity. One patient died of a shunt failure as the distal catheter had slipped into the pulmonary artery and a further patient had cardiac arrest at operation.
Summary
The most important causes of death in children with meningomyelocele and hydrocephalus are meningitis, raised intracranial pressure, and pneumonia. Often two or three of these processes are present at the same time and it is difficult to draw any definite conclusions. The primary mortality of closure of the spinal defect is low. Although the morbidity of ventriculo-atrial shunts is considerable, the mortality of shunt procedures and even of revision operations is surprisingly low.
